Introduction
Group A streptococci are major human pathogens. Acute rheumatic fever (ARF) is still an important medical problem in some countries, such as India, where it has been estimated that over six million children of school age are afflicted with rheumatic heart disease. ' The incidence of this disease in the USA and Europe has declined dramatically over the years, but recently ARF was reported in Ohio, Pennsylvania, and Utah,2-6 and for the first time in over two decades at the US Naval Training Center at San Diego, Calif~rnia.~ An outbreak of ARF also occurred in army trainees at Fort Leonard Wood in Missouri,' and a Centers for Disease Control survey during the mid-1980s showed that six of the 24 states with passive surveillance for ARF reported a two-fold increase in cases.2 The rates of ARF among all other races are several times higher than those among whites,2 and one study reported rates of ARF in an inner-city to be more than five times higher than in s~b u r b i a .~ Reasons for the resurgence of ARF are not clear. There have also been case reports of severe toxic shock-like syndrome,", '' septicaemia in adultsl23 l 3 and children14 and sudden death'j due to streptococcal infections.
Transmission of streptococcal infections has been attributed to close personal contact. Rammelkamp et a1. 16 reported that cultures of streptococci isolated from dust in military barracks, although viable, had lost their virulence as they did not induce infection when tested in human volunteers.
One of the factors associated with virulence in streptococci is type-specific M-protein that inhibits Received 4 May 1992; revised version accepted 4 June 1992 phagocyto~is,l'-~~ and the ability to produce Mprotein can be reduced or lost by repeated subculture in artificial media.l73 18, 23 Survival and virulence of group A streptococci can also be lost by inappropriate use of holding methods or transport medium and storage at 4°C.23 Furthermore, the hyaluronic acid capsule has been implicated as a virulence factor in group A streptoc~cci.~~ Viability, as well as virulence, of streptococci and other organisms can normally be preserved for many years by special freezing at or below -70°C or by ly~philisation.~~ The use of a plastic strip contaminated by human saliva has been reported to maintain viability of oral micro-organisms including S . mutans for up to 8 weeks at room ternperat~re.~~ l_-l-l___ strains were removed from liquid nitrogen storage and groun three times consecutively ir, fresh human blood before use.
Materials and methods

Cultures
Dy*imy procechrc~
Ten 111 of blood from each of the 10 cultures were placed on 15-mni square pieces of sterile paper towelling (Fort Howard Corp.. Green Bay. WI, USA) commonly used in medical establishments. The blood on the paper was allowed to dry at ambient temperarure (13°C') in sterile plastic petri dishes. For three of the strains. 10O-pl volumes of the cultures in blood were placed in sterile plastic tubes (13 x 75 mm) and allowed to dr! at 23°C.
All five donors were > 50 years old, in good health and without young children in their household. None had experienced diagnosed streptococcal infections in the past 5 years nor had a history of post-streptococcal sequelae. T\vo worked with streptococci, including the strains used in this study as well as with non-A groups. Two were blood bank nurses who worked predominantly with healthy adult donors. The fifth had little contact with patients or cultures of streptococci.
A paper with dried blood was placed in a sterile plastic tube ( I 2 x 7 5 mni): 1 ml of Todd-Hewitt Broth (THB) with Neopeptone 0.5% and Dextrose 0.5% (Difco Laboratories, Detroit MI. USA) was then added.
To.$ limy .fbr ririi1twcJ
Determination of virulence was based on detection of the anti-phagocytic activity of M-protein of the various streptococci by the bacterial test described by Muted."; In this test 5 111 of an overnight culture were added to a 12 x 75 rnm plastic tube or 1.5-mI microcentrifuge tube containing 400 pl of fresh heparinised blood from each of the five donors. After mixing, 1 pl was streaked on to a blood-agar plate. The tubes were incubated at 37°C for 3 h. with rotation at 5 rpm. After incubation. I pl was streaked on to a blood-agar plate to determine whether organisms survived, multiplied or were phagocytosed. The ability of each strain to survive or multiply in the blood of each donor had been established by incubating the specimen in fresh blood before being allowed to dry at room temperat we. inoculated into each donor blood, nine strains responded as before. The ATCC (M-type 12) strain appeared to lose its M-protein because it was phagocytosed by leukocytes in blood from all the donors.
The strains were re-tested 6 weeks later, 8 weeks after the initial drying. Eight of the strains grew in THB and when inoculated into the five donors' blood, seven responded as before. One strain (NTA-2) which had grown in the blood of two donors failed to grow at this time. The ATCC (M-type 12) strain and the S-43 (M-type 6) strain from the Lancefield collection failed to grow in broth and thus could not be tested in blood. An opportunity to observe an additional control occurred when one strain (NSA-156) became contaminated with Stuphj~lococms epidermidis which appeared in ail the "before" cultures. After incubation in blood for 3 h, the "after" plates were either devoid of all organisms or contained only the streptococci that they had grown previously, indicating that all of the blood samples were capable of phagocytosis.
When all 10 strains were re-tested 15 weeks after the initial drying, the results were identical to those obtained when tested after 8 weeks.
All strains except NTA-2 that grew in broth also grew in blood 20 weeks after the initial drying and those that grew in blood formed mucoid colonies, indicating that their ability to produce a hyaluronic capsule as well the M-protein had been retained. 
Resu I t s
After being held for 2 weeks at ambient temperature all 10 strains were able to grow in THB. When b. before drying; a, after drying; S. survived (numbers approximately the same before and after incubation in blood); M, multiplied (numbers at least doubled after incubation in blood); P, phagocytosed (at least 50% fewer than before incubation i n blood).
* Did not grow in blood after second week.
t Did not grow in broth after second week.
The tubes containing dried blood were tested for growth after 1 and 6 months in THB only. All three strains grew in the broth.
The growth patterns for the 10 strains in blood from all five donors are presented in the table.
Discussion
Results indicate that the virulence factors are maintained in dried blood. The ability of streptococci to survive in the dried state for several months is not as surprising as was the observation that their M-protein, which can be lost quite easily, was preserved.
